A comparative study is carried out for the nonlinear propagation of ion acoustic shock waves both for the weakly and highly relativistic plasmas consisting of relativistic ions and qdistributed electrons and positions. The Burgers equation is derived to reveal the physical phenomena using the well known reductive perturbation technique. The integration of the Burgers equation is performed by the ( ) ¢ -G G expansion / method. The effects of positron concentration, ion-electron temperature ratio, electron-positron temperature ratio, ion viscosity coefficient, relativistic streaming factor and the strength of the electron and positron nonextensivity on the nonlinear propagation of ion acoustic shock and periodic waves are presented graphically and the relevant physical explanations are provided.
Introduction
The electron-positron-ion (e-p-i) relativistic plasmas have attracted attention for understanding nonlinear physical phenomena in astrophysical, space and laboratory plasmas. On the other hand, electron-positron (e-p) plasmas existed in the early universe, in near polar cusps of pulsars, in active galactic nuclei, in the regions of the accretion disks surrounding the central black holes and in the solar atmosphere [1] [2] [3] [4] [5] [6] [7] . Therefore, the studies of e-p-i relativistic plasmas are one of the most important aspects in recent years due to their wide applications and potentiality. It is well known that when the speed of electron and ion approaches to the speed of light, relativistic effects significantly modify the wave structures and dynamics [8] [9] [10] . The existence of e-p-i relativistic plasmas have already been explored [11] [12] [13] [14] [15] [16] . Relativistic plasmas occur in the inner region of the accretion disc in the vicinity of black holes [17] , in the plasma sheath boundary layer of Earth's magnetosphere [18] , in the laser-plasma interaction [19, 20] , space plasma phenomena [21] , positron plasma wakefield accelerator [22] , in the Van Allen radiation belts [23] , and so on. Spitkovsky [24] showed that the e-p-i plasmas with their arbitrary concentrations having relativistic kinetic energies enhance gamma radiation in the bursts. However, their intricate conversion mechanism is still unknown. Recently, a few experiments [25] [26] [27] are carried out to study the conversion mechanism of relativistic shells with the background plasma. Furthermore, the interactions of relativistic shells with the background are also observed in shock waves and pulsar wind nebulae where relativistic flows prevail. However, the production of such types of plasmas are difficult in the laboratory to study the nonlinear physical phenomena. Thus, as an alternative way, one may investigate the nonlinear propagation characteristics of the aforementioned plasmas using mathematical tools considering appropriate plasma assumptions. It is known that high-speed and energetic streaming ions with the energies of 0.1-100 MeV are frequently produced in the solar atmosphere and interstellar space [10, 11] . When the ion energy depends only on the kinetic energy, such plasma ions have to reach relativistic speeds. The e-p plasmas with ions possessing relativistic energies as frequently observed in astrophysical and space environments deserve importance to study the structures and dynamics of the ion acoustic (IA) waves.
The basic properties of IA waves for different e-p-i relativistic plasmas deriving the nonlinear evolution equations have already been reported [11] [12] [13] [14] [15] [16] . Hafez et al [15] proposed unmagnetized plasmas consisting of weakly relativistic ions, nonextensive electrons and positrons. They investigated the properties of the nonlinear propagation of IA solitary waves for long range interaction in the plasmas by solving the Korteweg-de Vries (KdV) equation and showed that the positive and negative bright solitons were found for superthermal electrons and positrons, but only positive bright solitons were observed for the case of subthermality. Many authors [28] [29] [30] [31] derived the Korteweg-de Vries Burgers (KdVB) equation to study the IA shock waves considering different plasma models. They reported that the distributions of electrons and ions play a vital role for the structures and propagation of nonlinear waves. It is noted that only a few works [16, [32] [33] [34] investigated the nonlinear propagation of small but finite amplitude IA waves in highly relativistic plasmas using the KdV equation. They showed that the highly relativistic streaming factor significantly modified the nonlinear propagation of wave dynamics. Very recently, Hafez et al [16] derived the KdVB and KdV equations to study the nonlinear propagation characteristics of a small but finite perturbed amplitude of IA shock and solitary waves in highly relativistic plasmas consisting of relativistic ions, nonextensive electrons and positrons. To the best of our awareness no one has investigated the characteristics of IA shock, periodic and singular kink shape structures in weakly as well as highly relativistic plasmas using the Burgers equation. Being motivated, for the continuation and significance of the problems related to the astrophysical and space plasmas, the influences of weakly as well as highly relativistic ions on the structures and nonlinear propagation of IA shock and periodic waves are investigated. The governing fluid equations are used to study the characteristics of the plasmas, taking into account that the plasma system is in thermal equilibrium with relativistic thermal ions streaming in the x-direction and considering theq distributed electrons and positrons with macroscopic average for low frequency IA waves. However, the distribution of particles does not follow the usual Boltzmann Gibbs statistics, which is a powerful tool for investigating the system when the memories and microscopic interactions are small ranged as observed in many space and laboratory plasmas. Renyi [35] and accordingly Tsallis [36] showed the generalization of Boltzmann-Gibbs-Shannan entropy for statistical equilibrium having long-range interactions, long-time memories, and dissipation. El-Tantawy et al [37] investigated that both the supersonic and subsonic electrostatic waves may be obtained in the nonextensive plasmas. On the other hand, the ion viscosity coefficient is mainly responsible for nonlinear shock wave propagation in the plasmas. This work investigates the effects of the strength of the nonextensivity parameter ( ) q , unperturbed positron to electron density ratio ( ) p , ion-electron temperature ratio ( ) d , electron-positron temperature ratio ( ) s , viscosity coefficients ( ) h and relativistic streaming factor ( ) b on the propagation of IA shock and periodic waves in an unmagnetized e-p-i plasma system deducing the Burgers equation through the
The theoretical model equations are presented in section 2. Derivations of the Burgers equation for weakly and highly relativistic regimes are given in sections 3 and 4, respectively. The solutions of the Burgers equation are described in section 5. The results along with relevant physical interpretations are depicted in section 6. Finally, the conclusion is drawn in section 7.
Theoretical model equations
Let us consider a fully ionized unmagnetized collisionless ep-i plasma system taking the quasi-neutrality equilibrium condition as = + n n n , e0 p0 i0 where n , e0 n , p0 and n i0 represent the equilibrium electrons, positrons and ions densities, respectively into account. Such plasmas are composed of relativistic thermal ions, nonextensive electrons and positrons. It is well known that the nonextensive distribution function for species a can be defined [16, [39] [40] [41] [42] [43] as and 
the nonextensive densities of electrons and positrons can be obtained [16, 39, 40, 42] in the form ( ) 
p is the nonextensive parameter characterizing the degree of nonextensivity, that is,
e,p e,p is used for superthermality (subthermallity) and
corresponds to the Maxwell-Boltzmann counterpart.
The nonlinear dynamics of the IA waves can be defined by the following normalized equations
whose phase velocity is much larger than the ion thermal velocity but much smaller than the electron and positron thermal velocities. Here, n , i u , i F and d denote the normalized ion number density, ion fluid velocity, electrostatic potential, and temperature ratio, respectively. n , i u , i F and d are normalized as  n n n ,
i m , i e, T , e and T i are the IA speed, ion mass, electronic charge, electron and ion temperatures, respectively. The space variable is normalized by the electron Debye radius 
Formation of burgers equation for weakly relativistic regime
To obtain a nonlinear evolution equation using equations (1)-(3), one needs an appropriate coordinate frame in order to describe the system equations properly. To do so, one can follow the reduction perturbation technique to construct a nonlinear equation for the IA shock and periodic structures, which leads to the scaling of independent unknown parameters through the following [41, 44] stretched coordinates
where V p is the linear phase velocity of the perturbation mode normalized by C s and  measures the weakness of the dissipation. This implies that
The relativistic Lorentz factor is assumed to be weak and is defined as g = -
Substituting the values of n , i u , i and F from equation (6) and using equation (5), and then taking the lowest powers of  , the first order perturbed quantities for n , i u i and V p can be defined [15] as
where
To the next order of  gives the following evaluation equations One can derive the following Burgers equation using equations (10)- (12) to study the nonlinear propagation of IA shock and periodic waves for a weakly relativistic regime in the plasmas
The nonlinear and dissipative coefficients of the above equation are defined as and 
Formation of burgers equation for highly relativistic regime
To investigate the IA shock and periodic waves for highly relativistic plasmas employing the Burgers equation, one needs to expand the Lorentz relativistic factor as Substituting the values of n , i u , i and F from equation (6), and using equations (5) and (16) in equations (1)-(3) and then taking the lowest powers of  , the first order perturbed quantities of n , i u i and V p can be obtained as
i0
To the next order of  gives the following evaluation equations 
Analytical solutions via the (G′ / G ) -expansion method
To obtain the analytical solutions of the Burgers equation, the compound variables can be combined as ( and c x t = -V , where V is the speed of the reference frame. Equation (13) can be converted to the following form
The ( ( ) ( )) c c ¢ -G G expansion method [38] may be used to write the traveling wave solution of equation (25) as
where, Here, l and m are the arbitrary constants. Using the general solutions of equation (27) , one can define where k 1 and k 2 are the integrating constants. Inserting equation (26) in equation (25) and collecting all the terms to the same powers of ( ( ) ( )) c c ¢ G G together, the left-hand side of equation (25) can be concentrated into another polynomial in ( ( ) ( )) c c ¢ G G . One can obtain a system of algebraic equations by equating each polynomial to zero, which is overlooked for convenience. Solving the resulting system, the following set of nontrivial solutions are obtained as
Thus, the soliton solutions of the Burgers equation with the help of equations (26), (28) and ( (26), (28) and (29) can be written as 
Finally, the rational function solution of the Burgers equation can be obtained as
and m = 0, equation (35) can be written as
which also provides the singular kink type structures in the plasmas.
Results and discussion
The influences of positron concentration ( ) p , strength of electron and positron nonextensivity ( ) q , e,p ion to electron shock and periodic waves in the plasma considered have been described using the analytical solutions of equations (31) and (34), respectively of the Burgers equation. The effect of b on the amplitude of IA waves is shown in figures 1(a)-(c) , while the effect of b on the width of IA waves is shown in figure 1(d) for both weakly and highly relativistic regimes choosing the constant values of the remaining plasma parameters. It is seen that the compressive and rarefactive amplitude of shock structures are observed ( figure 1(b) ) for the values of b considered herein in the highly relativistic plasmas for superthermal electrons and positions, but only the compressive amplitudes of shock structures are found (figures 1(a) and (c) ) in the weakly relativistic plasmas for both cases of thermality and highly relativistic plasmas for subthermal electrons and positrons, respectively. It is also observed that the amplitude approaches to infinity for the values of b lie in b < < 0.5 0.55 and b < < 0.65 0.7 for superthermal electrons and positrons in the highly relativistic regime, respectively. The critical value of b for which = A 0 of equation (14) in highly relativistic plasmas can be determined to study the shock structures and double layers solitons. Figure 1(d) shows that the widths of shock structures are slightly larger for highly relativistic rather than weakly relativistic regimes. The effect of p, d, s and h on the spatial electrostatic potential profiles of IA shock waves in weakly and highly relativistic plasmas are displayed in figures 2(a)-(d), respectively, considering the constant values of the remaining parameters. It is found that the thickness and amplitude of the shock structures decrease with the increase of p, d and s, but the monotonic shock structures are only obtained with the variation of h. It is also observed that the IA shock waves propagate faster in the highly relativistic plasmas (red color), but it becomes slower in the weakly relativistic plasmas (green color). The effects of thermality on spatial electrostatic potential profiles of IA shock waves in weakly and highly relativistic plasmas are presented in figure 3(a) Figure 3 shows that the height and thickness of shock structures decrease with the increase of q e and q . p The height and thickness of the IA shock waves both for weakly and highly relativistic plasmas are longer for superthermal electrons and positrons but smaller for subthermal electrons and positrons rather than other cases of thermality. It is also observed that the compressive and rarefactive shock structures exist in the plasmas for superthermal electrons and positrons, and superthermal electrons and isothermal positrons, but only compressive shock structures are obtained for subthermal electrons and isothermal positrons, subthermal electrons and positrons, and isothermal electrons and positrons. The influence of relativistic streaming factor ( ) b on the spatial electrostatic potential profiles of IA shock waves in the plasmas considering the remaining plasma parameters constants are depicted in figures 4(a) and (b). It is perceived that the height and thickness of the IA waves increase with the increase of b in the domain b < < 0 0.5 and they decrease with the increase of b in the domain b < < 0. 5 1 for weakly relativistic plasmas. However, the height and thickness of the IA waves increase with the increase of b from 0 to 0.4, but they decrease with the increase of b from 0.45 to 1 for highly relativistic regimes. The rarefactive shock structures are obtained in the range b = -0.5 0.8 for the highly relativistic, but only compressive shock structures appear for the weakly relativistic regimes. One may conclude that the highly relativistic streaming factors significantly modify the wave dynamics rather than the weakly relativistic case. The spatial electrostatic potential profiles of the IA periodic waves both for the weakly and highly relativistic plasmas are displayed in figures 5(a) and (b), respectively, taking the fixed values of the remaining parameters. Figure 5 highlights that the IA waves propagate faster periodically for a highly relativistic regime, but they become slower for the weakly relativistic case. Using the relation = -F E , the normalized electric field can be obtained as show that the electric field propagates slowly in weakly relativistic plasmas, but it becomes faster in highly relativistic plasmas. On the other hand, the electric field behaves like pulse-type solitons for both weakly and highly relativistic plasmas with the variation of time. Thus, the investigation that is predicted in this manuscript may be useful for better understanding the physical scenario of the interactions of relativistic ions coming from the relativistic outflows or extragalactic jets or astrophysical compact objects with interstellar clouds having superthermal as well as subthermal electrons and positrons.
Conclusions
The three-component unmagnetized plasma consisting of nonextensive electrons, positrons and thermal relativistic ions with a kinetic viscosity coefficient is considered. The Burgers equation is derived to study the nonlinear propagation of IA shock and periodic waves for weakly and highly relativistic regimes in the considered plasma system involving only nonlinear ( ) A and dissipative ( ) C coefficients. The analytical solutions of this equation are obtained through the ( ) ¢ -G G expansion method and defined in terms of the related plasma parameters. The nonlinear propagation of IA shock and periodic structures are studied in the plasmas. It is observed that the electrostatic compressive and rarefactive IA shock structures appear for superthermal electrons, and superthermal and isothermal positrons in both weakly and highly relativistic plasmas, but only compressive shock waves appeared for subthermal and isothermal electrons, and superthermal and isothermal positrons in both weakly and highly relativistic plasmas. It is interesting to note that the electrostatic IA shock waves propagate faster in a highly relativistic regime, but it becomes slower in the weakly relativistic case. Electric fields are also evaluated in both weakly and highly relativistic plasmas considering superthermal as well as subthermal electrons and positrons. Experimental investigations were carried out taking different plasma models into account by several researchers [46] [47] [48] . The formation of shock waves consisting of negative ions in the plasmas was studied by Luo et al [46] . Nakamura [48] investigated the IA shock waves in a homogeneous 
